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Summary
Introduction:  In  the  past  few  decades,  the  incidence  of  Achilles  tendon  rupture  has  increased
in parallel  with  increased  sports  participation.  Although  the  optimal  treatment  remains  contro-
versial,  there  is  a  trend  towards  surgical  treatment  in  athletes.
Hypothesis:  Surgical  repair  of  ruptured  Achilles  tendon  in  athlete  results  in  good  functional  and
objective recovery,  irrespective  of  the  type  of  surgery  performed.  Subsidiarily,  are  the  results
different  between  percutaneous  surgery  (PS)  and  standard  open  surgery  (OS)?
Materials  and  methods:  This  was  a  cross-sectional  study  of  31  patients  who  presented  with  a
ruptured Achilles  tendon  that  occurred  during  sports  participation.  Percutaneous  surgery  was
performed  in  16  patients  and  open  surgery  in  15  patients  between  2005  and  2009.  The  objective
recovery  status  was  evaluated  by  open  chain  goniometry,  measurement  of  leg  muscle  atrophy
and assessment  of  isokinetic  strength.  The  functional  analysis  was  based  on  the  delay,  level  of
sports upon  return,  AOFAS  and  VAS  for  pain.
Results:  Our  series  of  Achilles  tendon  rupture  patients  consisted  of  88%  men  and  12%  women,
with an  average  age  of  38  years.  In  71%  of  cases,  the  rupture  occurred  during  eccentric  loading.
After a  follow-up  of  15  months,  the  muscle  atrophy  was  13  mm  after  PS  and  24  mm  after  OS
(P =  0.01).  A  strength  deﬁcit  of  19%  in  the  plantar  ﬂexors  was  found  in  the  two  groups.  No  patient
experienced  a  rerupture.  The  return  to  sports  occurred  at  130  days  after  PS  and  178  days  after
OS (P  =  0.005).  The  average  AOFAS  score  was  94  and  the  VAS  was  0.5.  There  were  no  differences
in ankle  range  of  motion  between  the  two  groups.  The  majority  (77%)  of  patients  had  returned
to their  preinjury  level  of  sports  activity.
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Discussion:  The  return  to  activities  of  daily  living  was  slower  in  our  study  than  in  studies  based
in Anglo-Saxon  countries;  this  can  be  explained  by  the  different  sick  leave  coverage  systems.
Percutaneous  surgery  resulted  in  a  faster  return  to  sports  (about  130  days)  and  less  muscle
atrophy than  open  surgery.  Our  results  for  return  to  sports  and  return  to  preinjury  levels  were
similar to  published  results  for  athletes  and  were  independent  of  the  type  of  surgery  per-
formed. The  AOFAS  score  was  comparable  to  published  studies.  We  found  no  difference  in
muscle strength  between  the  two  surgery  groups  15  months  after  the  procedure.  Apart  from
venous thrombosis  typically  described  after  lower-limb  immobilization,  secondary  postopera-
tive complications  mostly  consisted  of  sural  paresthesia,  which  had  resolved  at  the  15-month
postoperative  follow-up  evaluation.
Conclusion:  The  results  of  surgical  treatment  for  ruptured  Achilles  tendon  are  good  overall.
By combining  the  simplicity  of  conservative  treatment  and  the  reliability  of  standard  surgical
treatment,  percutaneous  surgery  is  the  treatment  of  choice  to  achieve  excellent  results.  The
return to  sports  occurred  earlier,  the  muscle  atrophy  was  less  and  the  functional  score  was
better in  our  patients  treated  by  percutaneous  surgery.
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into  two  homogeneous  groups  (Fig.  1):  one  group  consisted
of  15  patients  (13  men,  2  women)  treated  by  OS  and  the
other  group  consisted  of  16  patients  (13  men,  3  women)
treated  by  PS.  The  average  age  was  37  years  (range  18—60)
for  the  PS  group  and  39  years  (range  19—71)  for  the  OS
group.  In  77%  of  cases,  the  patients  were  involved  in  jumping
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ery  few  cases  of  Achilles  tendon  rupture  were  described
ntil  the  middle  of  the  20th  century.  In  the  last  two  decades,
ts  incidence  has  increased  [1,2].  The  advent  and  popular-
ty  of  recreational  sports  have  contributed  to  upsurge  in
his  injury.  The  annual  incidence  of  Achilles  tendon  rupture
ncreased  from  18.2/100,000  people  in  1984  to  37.3/100,000
eople  in  1996  in  Denmark  [3].  Seventy-ﬁve  percent  of
chilles  tendon  rupture  cases  described  in  published  studies
re  sports-related,  particularly  racket  and  jumping  sports.
ost  of  the  patients  presenting  with  an  Achilles  tendon  rup-
ure  are  men  (on  average,  six  men  for  every  woman)  [4]  and
he  peak  of  incidence  occurs  between  30  and  45  years  of
ge.  The  treatment  protocols  have  constantly  evolved  over
he  past  20  years.  As  a  consequence,  there  is  currently  no
old  standard  for  the  treatment  of  Achilles  tendon  ruptures.
arious  studies  have  showed  faster  return  to  sports  after
urgical  treatment  in  athletes.  Various  open  and  minimally-
nvasive  surgical  techniques  have  been  described,  but  there
s  no  consensus  as  to  which  one  is  the  best.  Even  if  the  long-
erm  functional  results  are  good  overall  [5],  there  is  little
nformation  available  on  quantiﬁable  measures  of  recovery,
specially  muscle  strength.  We  wanted  to  objectively  deﬁne
he  residual  force  deﬁcit  over  the  long-term  after  surgery.
his  will  help  to  improve  the  results  and  to  compare  various
urgical  techniques  or  rehabilitation  protocols.
The  primary  purpose  of  this  study  was  to  evaluate  the
unctional  and  objective  outcomes  in  athletes  treated  surgi-
ally  for  a  ruptured  Achilles  tendon.  The  secondary  purpose
as  to  determine  if  there  were  any  differences  between
pen  and  percutaneous  surgical  repair  of  the  injured  tendon.
aterial and methods
e  performed  an  observational,  cross-sectional  study.nclusion  and  exclusion  criteria
atients  were  included  if  they  had  suffered  a  mid-body  rup-
ure  of  the  Achilles  tendon  during  sports  activity  and  were
F
srights  reserved.
reated  with  open  surgery  (OS)  or  percutaneous  surgery  (PS)
t  the  Limoges  University  Hospital  between  2005  and  2009.
hirty-ﬁve  patients  were  included  (Fig.  1).
Patients  were  excluded  if  the  rupture  was  more  than
 days  old,  the  rupture  was  not  due  to  trauma  or  occurred
utside  of  sports  or  physical  activity,  or  they  were  treated
onservatively  or  treated  surgically  with  a  method  other
han  open  or  percutaneous  surgery.  Additional  exclusion
riteria  were  a  history  of  Achilles  tendon  rupture,  Achilles
endinopathy  or  injury  to  the  leg,  ankle  or  foot  that  prevents
he  interpretation  of  the  isokinetic  testing  on  the  operated
ide  or  the  uninjured  contralateral  side.
roup  composition
he  choice  of  surgical  technique  was  left  up  to  the  surgeon.
here  were  three  senior  surgeons  and  two  resident  sur-
eons  involved  in  this  series.  The  patients  were  distributedigure  1  Flow  chart  summarizing  patient  selection  for  this
tudy.
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Table  1  Rehabilitation  protocol  for  the  two  surgical  techniques.
Weeks  OS  (n  =  15)  PS  (n  =  16)
D1—D10  Cast  immobilization  in  full  plantar  ﬂexion  Cast  in  30◦ plantar  ﬂexion
D10—D21 Cast  immobilization  in  full  plantar  ﬂexion  Removal  of  cast  and  walking  with  crutches  and
3 cm  heel  lifts,  reduced  by  1  cm  each  week
D21—D45 Immobilization  is  neutral  position  Recovery  of  joint  range  of  motion
Start of  isometric  contractions  Start  of  isometric  contractions
Removal of  cast  at  D45  Removal  of  tendon  repair  materials  at  D45
D45—D90 Return  to  weightbearing  with  3  cm  heel  lifts,
reduced  by  1  cm  each  week
Careful  full  weightbearing
Recovery  of  joint  range  of  motion Concentric  and  eccentric  muscle  strengthening
Concentric and  eccentric  muscle  strengthening
Return  to  sports  activities  without  jumping  and  under  therapist  supervision  (cycling,  swimming)
+D90 Progressive  increase  in  muscle  strengthening  and  gradual  return  to  jumping  sports
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sports  at  the  time  of  tendon  rupture:  soccer  (37%),  hand-
ball  (31%),  rugby  (13%),  basketball  (13%)  and  volleyball  (6%).
In  10%  of  cases,  the  athletes  were  national  level  competi-
tors;  in  42%  they  were  regional  level  competitors  and  in
48%  they  were  recreational  athletes;  there  was  no  signif-
icant  difference  between  the  two  groups.  Weekly  training
time  was  270  minutes  (range  180—840)  in  the  PS  group  and
249  minutes  (range  120—900)  in  the  OS  group.
Surgical  techniques
All  the  patients  were  treated  surgically  within  8  days  of  the
rupture,  with  an  average  of  1.5  days  (range  0—8).  During  OS,
the  patient  was  placed  prone  with  a  tourniquet  cuff  at  the
base  of  the  thigh.  The  approach  was  medial  to  midline  of  the
tendon.  The  tendon  sheath  was  dissected.  The  rupture  ten-
don  was  repaired  in  a  Kessler  pattern  using  slow  absorbable
suture.  The  tendon  sheath  was  then  closed,  along  with
the  skin,  using  a  water-tight  but  non-ischemic  suture  pat-
tern.  The  postoperative  immobilization  was  6  weeks  long.
Patients  were  seen  again  at  3  and  6  weeks  after  the  surgery
(Table  1).
For  patients  treated  by  PS,  the  material  used  (Tenolig®,
FH  Orthopedics,  France)  consisted  of  a  Dacron  suture  and
needle,  with  a  5.2  mm  metal  harpoon,  a  silastic  disc  and
a  large  pierced  shot.  It  was  implanted  with  the  patient
prone,  typically  under  regional  anesthesia  and  without  use
of  a  tourniquet  cuff.  The  rupture  was  located  by  ﬁnger  pal-
pation.  The  surgeon  then  made  a  2-cm  incision  over  the
site.  The  needle  was  curved  as  needed  and  inserted  into
the  tendon  axis  proximally  to  distally  under  visual  control.
The  needle  emerged  in  the  medial  or  lateral  retromalleo-
lar  groove,  depending  on  the  initial  entry  point,  and  then
the  second  needle  was  inserted.  Tension  was  placed  on
the  sutures  with  the  foot  in  plantar  ﬂexion.  The  foot  was
immobilized  for  3  weeks  and  then  the  material  removed
at  6  weeks.  Patients  were  seen  again  at  2,  4  and  6  weeks
depending  on  the  postoperative  rehabilitation  protocol  used
(Table  1).
u
b
c
snalysis  methods
he  primary  author  performed  to  the  functional  and  objec-
ive  assessments.  The  functional  recovery  was  evaluated
sing  the  time  for  return  to  sports  and  the  level  achieved
t  the  return.  The  number  of  physiotherapy  and  days  away
rom  work  were  also  taken  into  consideration.  The  Ameri-
an  Orthopaedic  Foot  and  Ankle  Society  Score  (AOFAS)  and
isual  Analogue  Scale  (VAS)  for  pain  were  used  to  evaluate
he  functional  recovery  [6].
The  objective  evaluations  consisted  of  measurement  of
he  range  of  motion  of  the  talotibial  joint  with  a  goniome-
er  (in  degrees)  with  the  subject  lying  supine  and  the  patella
acing  up;  neutral  position  (0◦) was  deﬁned  as  the  patient’s
oot  being  perpendicular  to  the  lower  leg.  Muscle  atro-
hy  in  the  lower  leg  was  measured  at  the  level  of  the
argest  circumference  of  the  calf  [7].  All  patients  under-
ent  isokinetic  testing  with  a  Cybex  Norm® dynamometer
t  an  average  of  15  months  post-surgery  (range  6—27).  After
 10-minute  warm-up  on  a  stationary  bicycle,  the  patients
ere  evaluated  while  lying  supine  (?),  with  the  hip  at  60◦
nd  the  knee  at  90◦.  The  dynamometer  axis  was  aligned
ith  the  ankle  rotational  axis.  The  patient  wore  their  typi-
al  sports  shoes  and  the  foot  was  attached  to  an  adjustable
rm  provided  by  the  manufacturer.  The  straps  were  tight-
ned  to  make  sure  that  the  footwear,  knee  and  pelvis
ould  not  contribute  to  the  ankle  movement.  One  series
f  three  repetitions  at  30◦/s  and  one  series  of  20  repe-
itions  at  120◦/s  over  a  range  of  40◦ plantar  ﬂexion  and
0◦ dorsiﬂexion  were  performed  once  the  patient  had  been
amiliarized  with  the  apparatus.  Verbal  encouragement  was
rovided  to  ensure  that  the  patient  exerted  maximum
orce  during  the  movements.  The  non-operated  side  was
lways  evaluated  ﬁrst  to  avoid  anxiety  over  the  process.
he  dynamometer  was  calibrated  according  to  the  manufac-
urer’s  recommendations.  The  subject  was  allowed  to  warm
p  and  train  on  the  apparatus  before  the  measurements
egan.  The  isokinetic  force  deﬁcit  was  expressed  as  a  per-
entage  according  to  the  following  formula:  1  —  (operated
ide/healthy  side).
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Table  2  Patient  characteristics.
Parameter  Total  (n  =  31)  OS  (n  =  15)  PS  (n  =  16)  P
Age  38.2  (12.1)  39.1  (14.7)  37.3  (9.9)  ns
Gender
Male, n  (%)  26  (83)  13  (86)  13  (81)
Female, n  (%)  5  (17)  2  (14)  3  (19)
Height (cm)  177  (9.0)  174  (9.8)  177  (7.1)  ns
Mass (kg)  77  (10.6)  76  (10.8)  77.5  (10.3)  ns
Injured side
Right,  n  (%) 16  (51) 7  (44) 9  (60) ns
Left, n  (%) 15  (49) 9  (56) 6  (40) ns
Take-off foot,  n  (%)  22  (71)  9  (40)  13  (60)  ns
Competition level
National,  n  (%)  3  (9.5)  1  (6.5)  2  (13.5)  ns
Regional, n  (%)  13  (42)  8  (50)  5  (33)  ns
Amateur, n  (%) 15  (48.5)  7  (43.5)  8  (53.5)  ns
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tatistical  analysis
ualitative  parameters  in  the  two  surgery  groups  were  com-
ared  either  with  a  Chi-square  test  or  a  Fisher’s  exact
est,  depending  on  the  number  of  expected  frequencies
nd  the  number  of  categories.  Since  the  data  in  this
mall  patient  series  was  not  normally  distributed,  a  non-
arametric  Mann-Whitney  U  test  was  used  to  compare
uantitative  parameters.  A  signiﬁcance  threshold  of  0.05
as  chosen  for  all  the  statistical  testing.  The  statistical  anal-
ses  were  performed  with  Statview  5.0  and  SAS  9.1.3  (SAS
nstitute,  Cary,  USA).
esultsll  the  patients  were  reviewed  again  between  6  and
7  months  after  surgery,  with  an  average  of  15  months.  Four
atients  were  lost  to  follow-up  (Fig.  1).  The  anthropometric
haracteristics  of  our  population  are  given  in  Table  2.
T
(
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Table  3  Postoperative  complications  following  Achilles  tendon  su
Parameter  Total  (n  =  31)  
Immediate  complications,  n  (%)
None  25  (80.5)  
Rerupture 0  
Local infection  and  delayed  healing  5  (16)  
Deep venous  thrombosis  1  (3.5)  
Secondary complications,  n  (%)
None  26  (87)  
Rerupture 0  
Paresthesia  in  the  sural  nerve  area  3  (9.5)  
Deep venous  thrombosis  2  (3.5)  
OS: open surgery; PS: percutaneous surgery.mmediate  complications
here  were  no  immediate  complications  in  25  of  our  patients
13  OS,  12  PS).  There  were  ﬁve  cases  of  local  infection  or
elayed  healing  and  one  case  of  deep  venous  thrombosis
fter  OS  (Table  3).
econdary  complications
here  were  no  secondary  complications  in  26  of  our  patients.
here  were  three  cases  of  sural  nerve  paresthesia  after  PS;
ne  of  these  cases  was  still  present  15  months  after  the
urgery.  There  were  two  cases  of  deep  venous  thrombosis
fter  OS  (Table  3).
unctional  resultshe  average  amount  of  time  away  from  work  was  70  days
Table  4).  Patients  underwent  an  average  of  30  physiother-
py  sessions  after  the  surgery.  Return  to  sport  occurred  after
rgery.
OS  (n  =  15)  PS  (n  =  16)  P
13  (86)  12  (75)  ns
0  0
1  (7)  4  (25)  ns
1  (7)  0  ns
13  (86)  13  (81)  ns
0  0
0  3  (19)  ns
2  (14)  0  ns
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Table  4  Functional  evaluation  after  an  average  of  15  months  after  surgery.
Total
(n  =  31)
PS
(n  =  16)
OS
(n  =  15)
P
Work  stoppage  (days)  70  ±  22
(4—145)
63
(4—119)
73
(45—145)
ns
Number  of  physiotherapy  sessions  30  ±  14
(10—64)
28
(10—50)
31
(10—64)
ns
AOFAS  score 93.9  ±  6.15
(80—100)
95.9
(85—100)
91.6
(80—100)
0.05
Return  to  sport  (days)  153  ±  50
(61—428)
130
(61—428)
178
(91—246)
0.0054
Level  at  return
Same  24  (77.5%)  13  (81%)  11  (73.5%)  ns
Lower 7  (22.5%)  3  (19%)  4  (26.5%)
Stopped 0  0  0
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130  days  within  the  PS  group  and  178  days  in  the  OS  group
(P  =  0.0054);  the  average  for  both  surgery  groups  combined
was  153  days  (Table  4).  All  patients  returned  to  their  sport
after  the  surgery  and  80%  of  them  had  returned  to  their
preinjury  level,  independent  of  the  type  of  surgery  per-
formed  (Table  4).  The  AOFAS  score  was  96  after  PS  and
91  after  OS  (P  =  0.05).  The  average  VAS  for  pain  was  0.5
(Table  5).
Objective  results
There  was  no  evidence  of  the  different  surgical  proce-
dures  leading  to  differences  in  ankle  range  of  motion
(Table  5).  Muscle  atrophy  was  13  mm  after  PS  versus  25  mm
after  OS  (P  =  0.01).  There  was  a  19%  deﬁcit  in  the  plan-
tar  ﬂexion  strength  at  the  slow  (30◦/s)  and  fast  (120◦/s)
speeds,  independent  of  the  type  of  surgery  performed
(Table  6).
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Table  5  Clinical  assessments  after  an  average  of  15  months  post-
Total
(n  =  31)
Assessment  after  the  surgery  (months)  15  ±  6
(5—27)
VAS  (/10)  0.5  ±  0.21
(0—3)
Muscle  atrophy  (mm)  18.8  ±  12.85
(—37—14)
Plantar  ﬂexion  uninjured  side  (degrees)  41  ±  4
(34—53)
Plantar  ﬂexion  injured  side  (degrees)  39  ±  6
(28—50)
Dorsiﬂexion  uninjured  side  (degrees) 20  ±  3
(14—26)
Dorsiﬂexion  injured  side  (degrees)  21  ±  4.5
(12—29)
OS: open surgery; PS: percutaneous surgery.iscussion
he  return  to  daily  living  activities  after  surgery  is  an  impor-
ant  outcome.  This  occurred  after  70  days  in  our  study,  which
as  consistent  with  some  published  studies  [8,9],  but  diver-
ent  from  others  [10],  especially  American  or  Anglo-Saxons
tudies  where  the  return  to  work  occurs  between  day  22  and
0  after  surgery  [11—13].  This  difference  could  be  the  results
f  differences  in  the  sick  leave  system  between  countries.
In  various  published  reports,  the  return  to  sports  occurred
etween  day  154  and  273,  no  matter  the  type  of  treat-
ent  used  [14—16].  In  our  study  cohort,  the  return  to  sport
ccurred  153  days  after  surgery  on  average  (range  91—246).
t  was  faster  after  PS  (P  =  0.0054),  which  was  a  difference
ith  current  published  studies  [10].  Percutaneous  surgery
ses  a dynamic  tendon  repair  procedure  that  reduces  the
ength  of  postoperative  immobilization  and  allows  for  an
arlier  return  to  walking  and  activities  of  daily  living  [17].
his  hypothesis  was  backed  up  with  the  Ozkaya  study  [14]
surgery.
PS
(n  =  16)
OS
(n  =  15)
P
15
(6—27)
15
(5—24)
ns
0.4
(0—3)
0.7
(0—2)
ns
13.3
(−37—14)
24.7
(−37—10)
0.01
40
(24—48)
42
(34—53)
ns
39.5
(33—50)
38  3
(28—47)
ns
20.5
(14—26)
19.5
(16—23)
ns
22
(16—29)
20
(12—27)
ns
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Table  6  Isokinetic  strength  at  an  average  of  15  months  after  surgical  repair  of  the  Achilles  tendon  (in  Nm).
Total
n  =  27
OS
n  =  14
PS
n  =  13
P
Deﬁcit  (%)  Deﬁcit  (%)  Deﬁcit  (%)
Plantar  ﬂexion  30◦/s  19
(56;  171)
19.5
(56;  171)
18
(64;  135)
ns
Dorsiﬂexion  30◦/s  −8
(−60;  24)
−8
(−52;  24)
−7.5
(−60;  16)
ns
Plantar ﬂexion  120◦/s 19
(26;  104)
18
(26;  104)
19.5
(30;  85)
ns
Dorsiﬂexion  120◦/s −6
(−52;  24)
−7.29
(−80;  25)
−4.5
(−62;  23)
ns
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tOS: open surgery; PS: percutaneous surgery.
howing  that  early  rehabilitation  leads  to  highly  satisfactory
linical  and  functional  results,  while  not  increasing  the  risk
f  rerupture.
Various  studies  have  reported  that  85%  to  100%  of  patients
ere  able  to  return  to  sport,  no  matter  which  level  they
ompeted  at  [18—20].  Only  77%  of  patients  returned  to
port  in  the  Lansdaal  study  [10],  but  the  study  popula-
ion  included  non-athletes,  which  could  partly  explain  why
3%  of  the  population  had  abandoned  all  physical  activity.
n  our  study,  80%  of  patients  returned  to  their  preinjury
evel  of  sports  participation,  which  was  consistent  with  the
eta-analysis  by  Khan  [5].  Mandelbaum  [17]  reported  that
00%  of  patients  had  returned  to  preinjury  levels,  but  study
opulation  mainly  consisted  of  high-level  athletes  and  the
ostoperative  assessments  were  performed  after  24  months.
n  our  study,  100%  of  patients  had  returned  to  their  sport
f  choice.  This  could  be  attributed  to  the  relatively  high
evel  of  sports  competition  in  our  study  population,  as  this
as  independent  of  the  ability  level.  Our  patients  practiced
t  their  sport  for  an  average  of  4  hours  and  20  minutes  per
eek,  which  is  relative  high.
The  functional  results  after  PS,  evaluated  with  the  AOFAS
core,  were  comparable  to  published  results  [15,18].  Only
arrido  [19]  reported  better  results,  but  these  were  after
2  months  of  follow-up.  The  AOFAS  score  was  better  in  the
S  group  (P  =  0.05),  which  can  be  attributed  to  percuta-
eous  surgery  being  able  to  restore  the  dynamics  of  the
chilles  muscle-tendon  unit  earlier  [20].  Studies  on  the  isoki-
etic  evaluation  of  ankle  ﬂexors  after  surgical  repair  of
he  Achilles  tendon  are  fairly  rare  and  typically  look  at  a
imited  number  of  subjects.  In  terms  of  recovery  of  isoki-
etic  strength  at  12  months  after  the  surgery,  there  seems
o  be  no  differences  between  minimally-invasive  and  open
urgery  techniques  [21],  which  was  consistent  with  the  ﬁnd-
ngs  of  the  current  study.  The  dorsiﬂexion  muscles  had  no
sokinetic  strength  deﬁcit,  as  previously  reported  by  Lep-
ilahti  [22]  or  Gigante  [23],  even  though  different  speeds
ere  used  (30◦/s,  90◦/s,  240◦/s).  Independent  of  the  sur-
ical  technique,  Dauty  [24]  found  a  27%  deﬁcit  in  athletes
 months  after  surgery,  which  improved  to  18%  at  6  months
◦nd  7%  at  12  months  when  measured  at  60 /s.  In  the  cur-
ent  study,  we  found  a  strength  deﬁcit  greater  than  the
ne  reported  by  Dauty  [24],  but  similar  to  the  one  reported
y  Chillemi  [25].  This  difference  could  be  the  result  of
t
t
b
the  patients  being  higher-level  athletes  in  the  Dauty  study
24]  or  having  received  a  more  intense  rehabilitation  pro-
ocol  after  surgery,  however,  these  parameters  were  not
escribed  in  his  study.  The  strength  deﬁcit  found  in  the  cur-
ent  study  could  have  been  overestimated  because  of  the
ariability  in  the  postoperative  assessment  time  point  (6  to
7  months).
The  degree  of  muscle  atrophy  is  a  function  of  immobiliza-
ion:  One  study  [26]  found  greater  than  10%  muscle  atrophy
fter  6  weeks  of  immobilization;  conversely,  after  early  post-
urgical  mobilization,  less  than  2  cm  of  muscle  atrophy  was
eported  in  other  studies  [8,27,28].  These  results  are  even
etter  after  minimally-invasive  surgery,  where  1  cm  of  atro-
hy  has  been  reported  [29,30].  These  differences  between
he  two  types  of  surgery  were  also  found  in  the  current  study.
owever,  some  authors  have  stated  that  muscle  atrophy  is
ot  a  reliable  criterion  [15]. When  looking  at  control  groups
f  paired  healthy  subjects,  there  was  a  7  ±  8  mm  difference
etween  the  calf  of  the  dominant  and  non-dominant  legs,
ven  though  there  was  no  signiﬁcant  difference  in  strength.
lso,  the  surgical  technique  had  no  effect  on  the  recovery
f  joint  range  of  motion;  only  early  return  to  weightbear-
ng  and  rehabilitation  can  ensure  that  joint  range  of  motion
eturns  [14].
Of  the  various  potential  surgical  complications,  rerup-
ure  is  the  most  feared  [13]. This  mainly  occurs  in  the
rst  2  or  3  weeks  after  the  surgery,  when  the  patient  starts
eightbearing.  In  the  current  study,  none  of  the  patients
xperienced  rerupture,  no  matter  which  type  of  surgery
as  used.  This  was  consistent  with  other  published  reports
5,27,28,31].  Furthermore,  there  was  a  12%  rate  of  minor
omplications  (such  as  superﬁcial  infection  at  the  surgical
ite  or  problems  related  to  healing)  [5]. The  low  rate  of
kin-related  complications  was  likely  related  to  strict  mon-
toring  during  the  postoperative  recovery  stage.  The  main
omplication  of  percutaneous  techniques  is  the  occurrence
f  injuries  in  the  area  of  the  sural  nerve;  the  rate  varies
etween  0  and  23%  [32,33]. Lansdaal  [10]  reported  that  9.2%
f  patients  had  discomfort  related  to  a sural  nerve  injury;
his  rate  was  19%  in  the  current  study.  These  cases  of  pares-
hesia  are  secondary  to  the  formation  of  a hematoma  around
he  nerve  during  the  surgical  phase  [34].  The  large  num-
er  of  surgeons  and  low  number  of  patients  could  explain
he  values  found  in  the  current  study.  However,  all  of  these
n  in  
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nerve  injuries  were  limited  to  sural  area  paresthesia  and
only  one  case  had  not  resolved  at  the  15-month  follow-up.
The  only  major  complication  was  the  occurrence  of  deep
venous  thrombosis  in  two  cases  (6.5%).  However,  the  risk  of
deep  nervous  thrombosis  is  not  correlated  to  the  treatment,
but  is  a  consequence  of  the  lower  leg  being  immobilized
[35].
The  strong  points  of  this  study  were  the  quantitative  eval-
uation  of  the  recovery  from  surgical  treatment  of  mid-body
Achilles  tendon  ruptures  in  athletes,  which  found  no  dif-
ferences  as  a  function  of  the  type  of  surgery  performed,
no  reruptures,  early  return  to  sport  and  a  better  AOFAS
functional  score  after  PS.  But  this  study  also  had  certain
limitations.  The  small  number  of  subjects,  the  variable
postoperative  evaluation  period  (5  to  27  months),  the  het-
erogeneous  age  of  our  population  and  the  non-homogeneous
level  of  sports  competition,  along  with  the  different  reha-
bilitation  protocols  used  limit  the  interpretation  of  the
results  in  the  current  study.  Also,  the  evaluation  of  the
level  of  return  to  sport  was  very  subjective.  Some  ques-
tions  remain  unanswered,  namely  the  presence  of  a  muscle
deﬁcit,  despite  the  good  functional  scores.  This  begs  the
question,  if  the  muscle  deﬁcit  was  completely  eliminated,
would  the  functional  result  be  even  better?
Conclusion
The  results  of  surgical  treatment  for  ruptured  Achilles
tendon  are  good  overall.  By  combining  the  simplicity  of  con-
servative  treatment  and  the  reliability  of  standard  surgical
treatment,  percutaneous  surgery  is  the  treatment  of  choice
to  achieve  excellent  results  and  reduce  the  length  of  postop-
erative  immobilization.  Although  there  were  no  signiﬁcant
differences  in  the  strength  of  the  ankle  plantar  ﬂexors  as  a
function  of  surgery  type,  athletes  receiving  percutaneous
surgery  seemed  to  return  to  sports  faster  and  had  less
muscle  atrophy.  However,  there  were  more  nerve-related
complications  with  PS.  The  current  study  was  consistent
with  other  published  studies  in  that  percutaneous  surgery
was  not  found  to  be  better  than  standard  open  surgery.
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